Zoledronate is a highly potent bisphosphonate widely used in the treatment of postmenopausal osteoporosis. We report the first occurrence of toxic acute tubular necrosis (ATN) following treatment with zoledronate in a patient with osteoporosis. A 63-year-old Caucasian female with rheumatoid arthritis on anti-immune agents received a single dose of zoledronic acid (reclast) for worsening osteoporosis. Twelve days later, she developed renal failure with a rise in serum creatinine from a baseline level of 1.1 mg/dL to 5.5 mg /dL. Renal biopsy showed toxic ATN. Zoledronate was discontinued and the patient had subsequent gradual improvement in renal function with final serum creatinine of 1.8 mg/dL at 1 month of follow up. Careful monitoring of serum creatinine and awareness of the potential nephrotoxicity may avert the development of acute renal failure in osteoporosis patients treated with this agent.
Introduction
Zoledronate is a highly potent nitrogen-containing intravenous bisphosphonate that is in widespread use for the treatment of hypercalcemia of malignancy, bone metastases and Paget's disease of bone. At lower doses, it is used to decrease bone resorption in patients with osteoporosis. Few reports have described a toxic form of acute tubular necrosis (ATN) in cancer patients receiving high doses of the compound. Herein, we report the occurrence of toxic ATN following treatment with a single zoledronate infusion in a patient with osteoporosis.
Case
A 63-year-old Caucasian female was hospitalized with acute renal failure. She had a long-standing history of seropositive nodular erosive rheumatoid arthritis, for which she had been on multiple immunosuppressive drugs and biologics in the past. Other medical diagnoses included osteoarthritis, osteoporosis, deep venous thrombosis, antiphospholipid syndrome, 30-pack-year history of smoking, and depression. Her surgical history was significant for total abdominal hysterectomy for squamous cell carcinoma of the cervix, left donor nephrectomy, and L5 laminectomy, foraminotomy, medial facetectomy for right synovial cyst. Medications included low-dose prednisone, methotrexate, tofacitinib (xeljanz, Pfizer), bupropion, and coumadin. She was allergic to penicillin and sulfa drugs. She denied any nonsteroidal anti-inflammatory drug use. There was no family history of autoimmune diseases or chronic kidney disease. She was single and worked as a medical assistant. She had been well until approximately 1 week before this admission, when she started experiencing malaise, anorexia, nausea and mild confusion. Twelve days prior to hospitalization, she received a single dose of zoledronic acid (reclast, Novartis) for worsening osteoporosis at the dose of 5 mg intravenously diluted in 100 cc of normal saline and infused over 30 minutes. On examination, blood pressure was 134/82 with a heart rate of 78. The patient was alert, and oriented only to place and person. The remainder of the examination was normal. Her most recent serum creatinines were 1.1 mg/dL (3 months ago) and 5.5 (current). Urinalysis showed 2+ protein, specific gravity of 1.015, with no blood, nitrites, or bacteria. Urine protein creatinine ratio was 0.348 (reference range, <0.165). The remaining laboratory and clinical features are summarized in Table 1 . Due to the close temporal relationship between zoledronate administration and the onset of renal failure, zoledronate was di- Figures 1 and 2 ). The patient had subsequent gradual improvement in renal function with final serum creatinine of 1.8 mg/dL at 1 month of follow up.
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Discussion
Zoledronate is widely used in the treatment of postmenopausal osteoporosis, and increasingly used in male osteoporosis and glucocorticoid-induced osteoporosis. In a large trial enrolling 7765 postmenopausal women with osteoporosis, once yearly 5 mg of zoledronate (infused over 15 minutes) for three consecutive years reduced the risk of vertebral (70%) and hip (41%) fractures, increased bone mineral density, and reduced markers of bone turnover as compared with placebo (1). Similar to other nitrogen-containing bisphosphonates, zoledronate diminishes bone resorption by acting both extracellularly as calcium chelators and intracellularly within osteoclasts (2) . Following intravenous administration of zoledronate, approximately 50% of the dose is rapidly incorporated into the bone, retained for long durations and re-cycled back into the circulation, and may later reaccumulates in bone. Most of the remainder is not metabolized, do not interact with or affect cytochrome P450 activity, and is excreted unchanged by the kidneys by glomerular filtration (3 Recently, the FDA sent out a newsletter to physicians reporting on 24 cases of acute renal failure reported postmarketing with intravenous zoledronic acid in the osteoporosis population (6) . Over half of the patients (14/24) had underlying medical conditions (e.g., diabetes mellitus, congestive heart failure, chronic kidney disease) that may have contributed to their risk of renal impairment or acute renal failure; or had concurrent exposure to known nephrotoxic medications (e.g., NSAIDs). Fifty-four percent of the patients (13/24) had documented transient increases in serum creatinine following drug infusion (median increase in serum creatinine was 4 mg/dL). Renal biopsy findings were not provided in any of the clinical trials and government reporting systems that have documented zoledronate nephrotoxicity. Case reports and clinical series have described a toxic form of ATN in patients treated with zoledronate (7, 8) . A recent paper presented evidence that zoledronate is internalized by renal tubular cells via the process of fluid phase endocytosis. The resulting intracellular accumulation of zoledronate may act as an epithelial toxin inducing tubular cytotoxicity (9) . The majority of cases of zoledronate associated toxic ATN reported to date had multiple myeloma or other cancers and received varying types of chemotherapy. The initial report included five patients with multiple myeloma and one with Paget's disease. In all patients, zoledronate was administered at a dose of 4 mg intravenously monthly, infused over at least 15 minutes, and the duration of therapy was mean 4.7 months (range, 3 to 9 months). All patients developed renal failure with a mean serum creatinine of 3.4 mg/dL and only subnephrotic proteinuria. Renal biopsy revealed toxic ATN. Discontinuation of zoledronate led to improvement in renal function; with a mean serum creatinine of 2.3 mg/dL at a mean follow up of 3.2 months (7). In contrast, our patient received zoledronate for osteoporosis and developed toxic ATN in the course of active treatment with immunosuppressives for rheumatoid arthritis. Furthermore, despite receiving intravenous zoledronate at the recommended low dose of 5 mg with slow infusion rate (30 min), this patient developed acute kidney injury only 12 days post-first dose. It is important to emphasize that this patient was not taking nonsteroidal anti-inflammatory drugs; however, she was treated with tofacitinib and methotrexate, both could possibly adversely affect kidney function.
Conclusion
We report the first association of toxic ATN with zoledronate in a patient with osteoporosis. Careful monitoring of serum creatinine and awareness of the potential nephrotoxicity may avert the development of acute renal failure in osteoporosis patients treated with this agent.
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